The present study was carried out during the two successive seasons of 2014 and 2015 on five years old Wonderful pomegranate cultivar (Punica granatum, L) in order to investigate the effect of fruit bagging, spraying with lime milk, super nano, CaCO 3 , vitamin C and kaolin, as well as, nitrogen and potassium fertilization on the fruit quality especially the incidence of sunburn. The obtained results showed that all treatments significantly affected fruit sunburn percentage and number of sunburned fruits, especially bagging, super nano and kaolin sprays. A significant decrease in the sunburn severity occurred with the bagging and super nano sprays treatments. All different treatments increased fruit TSS and vitamin C. Spraying super nano on the fruit was the best in increasing TSS/acidity ratio. Spraying lime milk or super nano on the tree and were the best in increasing fruit anthocyanin content.
INTRODUCTION
The pomegranate (Punica granatum L.) which belongs to the family Punicaceae, is one of the fruit species mentioned in the Holy Quran. It is mainly grown in in the Mediterranean region and central Asian. In Egypt, the cultivated area nowadays is rapidly increasing especially with the cultivar Wonderful. The total cultivated area is about 26351 feddan, with a fruiting area of about 9746 feddan that produces about 89035 tons (Agriculture statistics, 2012) . The acceptability of a pomegranate to the consumer and processor depends on a combination of several quality attributes that are related to physico-chemical and mechanical properties such as attractive skin, small seeds in the aril, skin color, smoothness, sugar, vitamin C, anthocyanin contents and free of cracking, as well as fruit sunburn incidence which cause dark-brown to black discoloration of the affected skin area (AlSaid et al., 2009) .
Additionally, some fruit tree species might be more resistant than others to the direct sunlight injuries by having a canopy with bigger leaf surface area that provides better shading over the fruits. For pomegranate, this is not available and means of fruit protecting from sunlight is recently being paid attention. For example, shades or screens could be used to cover the trees and protect fruits from the direct exposure to sunlight (Melgarejo et al., 2004) . Also, fruit bagging, a physical protection technique commonly applied to many fruit species to improve appearance of the fruit by promoting fruit coloration and reducing the incidence of fruit sunburn (Xu et al., 2010) . Lime milk is a mixture of quicklime, plastic and water. It covers fruits with a thin white layer that reflects sunlight. Calcium carbonate reflects harmful ultraviolet (UV) and infrared (IR) radiation without blocking leaf stomata or impeding photosynthesis (Bedrech and Farag, 2015) .In the meantime, ascorbic acid is considered an antioxidant that can catch free radicals in the plant tissues and provide adequate protection against the deleterious effects of activated oxygen species, thus increase the plant resistance to stress (Nicholas, 1996; Alscher et al., 1997) . Kaolin has recently been utilized in the development of hydrophilic particle film technology. This technology uses chemically inert, non-toxic mineral particles to coat plant surfaces (Glenn et al., 1999) . It allows the passage of beneficial radiation necessary for photosynthesis and reflects harmful radiation. It is sprayed onto trees foliage and fruit to form a thin crystalline layer that reflects sunlight. In the meanwhile, nitrogen and potassium fertilization could have a positive influence on the development of vegetative growth that provides proper fruit shading (Cuqel et al., 2011) In accordance to the previously discussed, the present study was conducted in order to investigate the effect of fruit bagging, lime milk, CaCO 3 , vitamin C, kaolin and super nano sprays, as well as nitrogen and potassium fertilization on fruit quality and chemical determinations of Wonderful pomegranate grown in a private orchard (El-Roda Company for Agricultural Development) at Banger region, El-Beheera governorate, Egypt.
MATERIALS AND METHODS

Plant Material and Experimental Design:
The experiment was conducted during 2013-2014 and 2014-2015 growing seasons on five years old Wonderful pomegranate cultivar (Punica granatum, L). The trees were planted in sandy soil in a private orchard (El-Roda Company for Agricultural Development) located at 75 km Alexandria -Cairo desert road. Trees were planted at spacing of 2 x 5 meters and irrigated with drip irrigation system. Trees were fertilized with cattle manure at a rate of 8 Kg per tree in November of both years. In the two successive years, nitrogen, phosphorus, potassium calcium and magnesium were added at a rate of 60, 25, 80, 35 and 20 units per feddan, respectively. All trees received the ordinary management practices usually applied in the pomegranate orchard, including irrigation and pest control.
For the present study, 45 trees were selected as uniform as possible in growth and vigor and were subjected to the following treatments with 5 replicates for each treatment and a single tree for each replicate (i.e. 9 treatments x 5 replicates = 45 trees) and treatments were arranged in a randomized complete block design (RCBD) according to Gomez and Gomez (1984) : T 1 -Water spray (control) T 2 -Bagging T 3 -Lime Milk T 4 -CaCO 3 T 5 -Vitamin C T 6 -Kaolin T 7 -Super nano fruit spray T 8 -Super nano canopy spray T 9 -Fertilization
The bagging and spraying treatments were applied when the fruits have reached three cm in diameter. Fruit bagging (paper bags 20 x 30 cm) and lime milk (5 kg quicklime + 35 kg white plastic paint + 20 Liter water per feddan) were applied frequently from the second week of June until the first week of August and bags were removed two weeks before the expected harvesting date. Fruit were sprayed with 3% calcium carbonate (CaCO 3 ), 3% kaolin (a soluble powder of aluminum silicate (Al 2 Si 2 O 7 ) mineral clay formulated for conventional spray) and 100 ppm vitamin C four times at 15 days intervals from the second week of June to the first week of August, to keep powder film thickness on fruits steady. Super nano (a production of the Middle East Company for mining investment and consists of 96 % aluminum silicate (Al 2 Si 2 O 7 ), 3.5% silicon dioxide and 0.5% mineral elements) was sprayed either on the fruit or on the tree canopy four times at 15 days intervals from the second week of June to the first week of August, the first application at 50 g/ liter and the other three at 25 g/liter. Ammonium nitrate and potassium sulfate fertilizers were added in June and was more than the orchard program by 10%.
Measurements and Determinations
In order to determine fruit physico-chemical properties, fruit samples from each replicate was randomly collected at the harvest date in the second week of October and directly transported to the laboratory of the Faculty of Agriculture, Alexandria University.
Fruit physical properties
In a fruit sample of five fruits from each replicate; fruit weight (g), peel weight (g), aril weight (g), fruit length (cm) and fruit diameter (cm) were measured. Also fruit peel color (one measurement at one point on the equatorial region of each individual fruit) was assessed, using Minolita Chroma Meter CR-2000. The number of sunburned fruits was counted and estimated for each replicated a week before harvest and the percentage of sunburned fruits for each treatment was calculated. In addition, the discolored areas due to sunburn were measured using Computer Aided Design (CAD) technique according to Rico-Garcia et al. (2009) . The severity of sunburn discoloration was estimated according to the sunburned area. This parameter assessment was based on five grades from one to five according to the sunburned area of the fruit peel as follow; 1= less than 10 cm 
Fruit chemical properties
In another fruit sample of five fruits from each replicate fruit grains were squeezed and the obtained juice was used to determine the percentage of TSS by hand refractometer. Five ml from the obtained juice were used to determine the titratable acidity as g citric acid /100 ml juice according to Chen and Mellenthin (1981) . Vitamin C was determined by titration with 2,6-dichlorophenolindophenol blue dye as mg ascorbic acid/100ml juice according to the A. O.A.C (1995) . Anthocyanin was determined by a pH differential method with two buffer systems according to Giusti et al. (1999) .
Statistical analysis
All data were tested for treatments effects on analyzed parameters by one-way analysis of variance (ANOVA) technique. Treatments means were separated and compared using least significant difference (L.S.D) at 0.05 level of probability according to Steel and Torrie (1980) .The statistical analysis was performed using SAS (Statistical Analysis System) version 9.13, (2008).
RESULTS AND DISCUSSION
Fruit physical properties
Data obtained in both seasons showed that fruit, peel and aril weight and fruit length and diameter were not significantly affected by any of the treatments in comparison with the water sprayed control (Table1).
These results partially goes on line with those previously reported by Brown et al. (2001) who found that spraying apple with kaolin did not affect fruit weight. In this respect, Melgarejo et al. (2004) mentioned that kaolin worked as an effective sunscreen while it gave non-significant influences on fruit diameter. Also, Hegazi et al. (2014) found that fruit diameter and fruit length were not affected by kaolin spray or bagging of "Manfaloty" pomegranate. On the other hand, significant increase in fruit weight, diameter and length of pomegranate by kaolin treatments was reported (Abd El-Rhman, 2010; Ehteshami et al., 2012; Samra and Shalan, 2013) .
With regard to fruit color, results of both seasons presented in Table ( 2) showed that the L* value was significantly lower than the control by lime milk treatment (in both seasons) and vitamin C and kaolin treatments in the second season, while, the a* value increased by the lime milk and kaolin treatments in the first season and by vitamin C in both seasons. In addition, the lime milk, kaolin and super nano treatments resulted in higher b* value than the control. Data also showed that higher value of chroma than the control was obtained by vitamin C treatment in both seasons and by bagging and lime milk in the first season only.
Similarly, Yazici and Kaynak (2005) found that spraying kaolin increased the red color of pomegranate fruits. Also, Fan and Mattheis (1998) ) on peach recorded high value of (L*) and (a*) by fruit bagging. The positive effect of kaolin on fruit color might be likely due to its effect in decreasing fruit temperature during the hottest hours of the day that is unfavorable for pigment synthesis (Pace et al., 2007) . As for the percentage of the sunburned fruits, all treatments reduced the percentage of sunburned fruits, except ascorbic acid treatment in the second season when compared with the control (Table 3) . Fruit bagging resulted in the lowest percent of sunburned fruits followed by the super nano sprays as compared with all other treatments.
Concerning the severity of sunburn, fruit bagging in general was the most effective treatment in decreasing sunburn severity especially a severity category of 30 -40 cm 2 and more. The kaolin and Super nano sprays also indicated similar results (Table 3) .
These results are confirmed by those reported by Melgarejo et al. (2004) , Ehteshami et al. (2012) , Samra and Shalan (2013) and Hegazi et al. (2014) who stated that spraying kaolin to pomegranate trees significantly reduced fruit sunburn damage. Similarly, Wunsche et al. (2004) stated that spraying apple trees with kaolin reduced the percentage of sunburned fruits and he added that, kaolin reduces fruit surface temperature by increasing the reflection of visible and ultraviolet light. Also, Hegazi et al. (2014) and Ghorbani et al. (2015) found that bagging of pomegranate fruit reduced sunburn damage. Additionally, a significant reduction in fruit sunburn damage by spraying CaCO3 was reported by Weerakkody et al. (2009) on pomegranate. Reducing sunburn damage by bagging and kaolin may be attributed to their role in reflecting radiation, especially UV wavelengths which reach the fruit surface (Ergun, 2012) . Further, super nano, and lime milk are considered white coating that reflect sun rays and reduce the sunburn damages. In the meantime, nitrogen and potassium fertilization might have enhanced the tree vegetative growth, and thus increase tree canopy which would have positive influence in offering better protection for the fruits from strong solar radiation and high temperature as previously mentioned by Melgarejo et al. (2004) .
Chemical properties
The data concerning fruit chemical properties of the studied treatments in both 2014 and 2015 seasons are listed in Table (4) . The results of both seasons showed that fruit TSS content increased significantly by all treatments compared to the control. However, fruit acidity was not affected by any of the treatments in both seasons. Fruit spraying with super nano significantly increased TSS/acidity ratio as compared to the control in both seasons. In addition, all treatments resulted in higher values of fruit vitamin C content than the water sprayed control. Fruit anthocyanin content increased significantly by the treatments; fruit bagging, lime milk, ascorbic acid, kaolin and super nano sprays in comparison with the control.
Similar increase in TSS and anthocyanin content of pomegranate fruits by bagging, and kaolin sprays was reported by Abd El-Rhman (2010), Ehteshami et al. (2012) , and Hegazi et al. (2014) . In the mean while, Samra and Shalan (2013) found that kaolin sprays or bagging of pomegranate fruit increased TSS content and TSS/acidity ratio while fruit acidity was not affected. Saavedra Del et al (2006) stated that higher soluble solids content in fruits treated with kaolin could be due to its reflective effect that may decrease leaf temperatureand reduce respiration, resulting in better accumulation of sugars and the anthocyanin dye. Also, Tora et al. (2008) indicated that temperature is an important environmental factor that influences anthocyanin synthesis, as 25
• C favors anthocyanin biosynthesis, whereas high temperatures such as 35
• C are associated with the inhibition of anthocyanin biosynthesis and decreasing its accumulation in plant tissues. On the other hand, the increase in TSS content by CaCO3, fertilization (N+K) and ascorbic acid was previously recorded by Fayed (2010) and Mohamed et al. (2014) on pomegranate. 
CONCLUSION
From the present results, it could be concluded that bagging and spraying Super nano either on the fruits or on the tree were considered the best and effective treatments in decreasing fruit sunburn percentage, and severity of sunburn, as well as it increased fruit TSS and vitamin C content.
